Effects of acetyl CoA on the pre-steady-state kinetics of the biotin carboxylation reaction of pyruvate carboxylase.
The approach to steady-state for the formation of the enzyme-carboxybiotin complex obeys first-order kinetics, with the proportion of the total enzyme present as the enzyme-carboxybiotin complex in the steady-state being about 60%. The approach to steady-state for ATP cleavage also obeys first-order kinetics. The apparent first-order rate constants for the approach to steady-state, in the presence and absence of acetyl CoA, respectively, are 6.6 and 0.028 s(-1) for ATP cleavage and 6.1 and 0.028 s(-1) for enzyme-carboxybiotin formation. The similarities of the values of the rate constants for the two reactions indicates that there is a common rate-limiting step. The large enhancement of these rate constants in the presence of acetyl CoA suggests that a major effect of acetyl CoA in the reaction is to enhance the rate of the step in which the putative carboxyphosphate complex is formed and in which ATP is cleaved. In addition, in the presence of acetyl CoA, the formation of the enzyme-carboxybiotin complex is much more tightly coupled to ATP cleavage in the presence of acetyl CoA than in its absence. Modeling studies were performed, and reaction schemes are proposed which give simulations similar to the experimental data. In the reaction schemes, the carboxyphosphate intermediate is able to undergo abortive decomposition without carboxylating biotin. The rate of this abortive reaction is greatly reduced in the presence of acetyl CoA.